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Af ter the de ci sion of the Bul gar ian Gov ern ment to re con struct it, the strat egy con -
cern ing the IRT-So fia Re search Re ac tor is to par tially dis man tle the old sys tems and
equip ment. The removal of the re ac tor core and re place ment of old equip ment will not 
pose any significant prob lems. For a more ef fi cient use of ex ist ing re sources, there is a
need for an en gi neer ing pro ject which has been al ready pre pared un der the ti tle “Gen -
eral Plan for the Par tial Dis man tling of Equip ment at the IRT-So fia as a Part of the Re -
con struc tion into a Low Power RR”.
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IN TRO DUC TION

The IRT-So fia re search re ac tor was de signed
and con structed from 1958 to 1961. First crit i cal ity
was reached in Sep tem ber 1961, the re search re ac -
tor (RR) was in op er a tion for 28 years, un til July
1989. The re ac tor has been started up 4189 times,
was in op er a tion 24623 hours al to gether, at dif fer -
ent power lev els (by 2 MW), agreed upon with the
us ers at reg u lar weekly meet ings. It was shut down
in 1989.

The IRT-So fia is a pool type re ac tor, cooled
and mod er ated with light wa ter. The core con tains
up to 48 fuel and graph ite as sem blies. There are 14,
15 or 16 fuel rods per as sem bly. The fuel rods are of
the EK-10 type (10% en rich ment) and C-36 (36%
en rich ment). The re flec tor in cludes 13 graphite
blocks.

The safety and con trol sys tem in cludes 7
in-core rods, 2 safety rods, 4 reg u lat ing rods (made
from bo ron car bide clad in alu mi num) and 1 au to -
matic reg u lat ing rod (made from stain less steel clad

in alu mi num). The cool ing sys tem in cludes 3
pumps, a spe cial ejec tor pipe, max flow rate 540 m3, 
2 heat exchangers, ion ex change and me chan i cal fil -
ters. The max i mum ca pac ity of the stor age pool is
112 fuel as sem blies. It has con nec tions to the re ac -
tor pool and hot cell lab o ra to ries. There are 11 hor i -
zon tal and 12 ver ti cal ex per i men tal chan nels, the
max i mum neu tron flux on 2 MW ther mal power is
2×1013 per cm2s1.

The prin ci pal ar eas of re ac tor us age ranged
from ba sic and ap plied re search, to tech no log i cal
and com mer cial ap pli ca tions. More over, it was an
im por tant place for uni ver sity and post grad u ate
education and training.

In or der to re al ize the re con struc tion pro ject
of IRT-So fia, it is nec es sary to de velop and ful fill a
Gen eral Plan for the par tial dis man tling of the RR,
ac cord ing to IAEA Safety Guides [1] and [2]. Tak -
ing into consideraton the ac tual ra di a tion con di -
tions in side the re ac tor pool, de ter mined by the re -
ac tor op er a tional staff, it is nec es sary:
· To de scribe the dis man tling and waste pro cess ing 
ac tiv i ties (char ac ter iza tion, con di tion ing, de con -
tam i na tion, trans port, stor age and fi nal dis posal);
· To de sign and pro vide fa cil i ties and equip ment
re quired to sup port the dis man tling ac tiv i ties ac -
cord ing to safety guide [3];
· To take into con sid er ation the value of the de con -
tam i na tion (cost-ben e fit) for in ter nal or ex ter nal
sur faces of com po nents, sys tems, and in stru ments.
De con tam i na tion can be car ried out be fore and/or
af ter dis man tling;
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· To pro vide spe cial trans por ta tion and shield con -
tain ers for the trans por ta tion of the dis man tled
struc ture units and el e ments to the fi nal stor age fa -
cil i ties for ra dio ac tive waste (RAW) which would
en sure safety for the staff, pop u la tion, and the en vi -
ron ment, ac cord ing to safety guide [4];
· To de fine how the plant and op er a tions will be
mon i tored dur ing the par tial de com mis sion ing.
Ap pro pri ate ra di a tion and do sim e try con trols are to 
be en sured dur ing the course of the above men -
tioned op er a tions;
· To pro vide the ap pro pri ate mech a ni za tion for the 
re con struc tion, in con for mity with the Gen eral
Plan, as well as with ar chi tec tural and build ing so lu -
tions;
· To de velop a tech no log i cal pro cess for the dis -
man tling of parts and equip ment of the IRT-So fia
re ac tor. The tech no log i cal pro cess of dis man tling
should be de vel oped tak ing into ac count the ac tual
ra di a tion sit u a tion in the alu mi num tank. These
pro ce dures should also be car ried out ac cord ing to
ap pro pri ate ra di a tion and do sim e try con trol mea -
sures;
· Af ter de fin ing the nec es sary hu man, ma te rial and
fi nan cial re sources, to draw up a sched ule for the re -
con struc tion of the re ac tor and its sys tems;
· To pro vide a man age ment or ga ni za tion struc ture
which is ap pro pri ate for par tial de com mis sion ing.
The struc ture used dur ing the op er a tion of the RR
is not nec es sar ily op ti mal for par tial de com mis sion -
ing ac cord ing to safety guide [5];
· To pro vide a safety as sess ment;
· To pro vide an en vi ron men tal im pact as sess ment
re port;
· To de scribe the or der and way of ex am in ing these
re ports, as well as their stor age;
· To pro vide a qual ity as sur ance pro gram.

DISMANTLING ACTIVITIES

The dis as sem bly of re ac tor sys tems, re moval
of the re ac tor core and re place ment of old equip -
ment will not pose any sig nif i cant prob lems. Many
of these ac tiv i ties are within the scope of what
would be termed re fur bish ment, a com mon pro ce -
dure dur ing power up grad ing of pool-type re ac tors. 
These tasks will be within the ca pa bil ity of the op er -
a tor’s or ga ni za tion – the In sti tute for Nu clear Re -
search and Nu clear En ergy (INRNE), sup ported
by the con trac tors when it co mes to the pro vi sion of 
tools and skills re quired for size re duc tion, han -
dling, and trans por ta tion of the wastes. The Gen -
eral Plan for par tial dis man tling iden ti fies the roles,
chain of com mand and re spon si bil i ties within the
dis man tling team, in ter faces with sup port ing or ga -
ni za tions in volved at the INRNE site and sub-con -
trac tors.

Dis man tling ac tiv i ties can be di vided into two
main cat e go ries.

(a) Ac tiv i ties which can be car ried out prior to ob -
tain ing the per mis sion for the dis man tle ment
(car ried out un der the ex ist ing li cense) [6]:

· The de con tam i na tion of the pri mary cool ing
loop (CL) – pol lu tion (de pos its, grease spots, etc.)
should be cleaned up. The use of min eral acid so lu -
tions (for in stance, of ni tric acid) for pol lu tion-re -
moval is ef fec tive when it is used along with low-
con cen trated or ganic ac ids (i. e. cit ric acid). The
con cen tra tion of acid so lu tions should be prop erly
cal cu lated, if the dam age to the metal parts which
brings about prob lems with waste treat ment (for
in stance, iron pro duc ing iron hy drox ide, which in
it self will re sult in large amounts of sec ond ary
waste) is to be avoided. In or der to min i mize the
gen er a tion of liq uid sec ond ary waste, for the pri -
mary cir cu la tion loop, de-ion ized wa ter should be
mixed (in cor re spond ing ra tio) with de ter gent
(decontaminant).
· The dry ing of the pri mary cir cu la tion loop af ter
the last wash ing with de-ion ized wa ter in or der to re -
duce fur ther cor ro sion. The re moval of liq uid wastes
for treat ment. The dry ing up of the re ac tor loop by
means of an air cur rent from the ex ist ing ven ti la tion
or from a com pres sor.
· All sys tems which are not go ing to be used dur ing
the dis man tling (like the pumps of the First and Sec -
ond CL, should be switched off).
· The hor i zon tal and ver ti cal ex per i men tal chan nels
are to be emp tied.
· All pe riph eral ex per i men tal fa cil i ties in the re ac tor
build ing to be re moved.

(b) Ac tiv i ties de mand ing per mis sion from the reg u -
la tory au thor i ties:

· The switch ing off of re ac tor con trol sys tems and
re moval of the most ac ti vated reg u la tion rods and
ex per i men tal chan nels, ac ti vated de vices and ion iza -
tion. Out side the re ac tor tank, the dis man tling of
pipe lines en vis aged for re place ment by new ones.
“Clean ing” of the wa ter pu ri fi ca tion sys tem, heat
exchangers, sys tem for col lec tion of leak ages and
over spills/over flows. The pipe lines should be dis as -
sem bled taken to pieces, in or der to avoid cut ting by 
me chan i cal or ther mal means (which would gen er -
ate ra dio ac tive par ti cles and aero sols). For trans por -
ta tion or tem po rary stor age of low ac tive parts, li -
censed cask con tain ers should be pro vided.
· The dis man tle ment of the re ac tor core ves sel (fig.
1) and in ter nal re ac tor de vices. The dis man tling
pos si bil i ties vary; it can be done ei ther by means of
ready ma nip u la tors (ro bots, es pe cially elab o rated
in stru ments and equip ment) or by im ple ment ing
the “one-piece re moval” man ner of re ac tor dis man -
tling in re search re ac tor over hauls, al ready used in
Hun gary and the Czech Re pub lic.
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The re con struc tion of the IRT-So fia will com -
prise the fol low ing re ac tor sys tems:
· Core – li a ble to full scale re place ment. The new
core load ing shall be pur su ant with the type of the
new, con verted (low-en riched) fuel;
· Pri mary cool ing sys tem – re place ment of the alu -
mi num lin ing of the re ac tor pool of a 60 m3 ca pac -
ity, pip ing, and heat exchangers;
· Sec ond ary cool ing sys tem – par tial re place ment
of pip ing and fit tings and the cool ing open-air
pools;
· Hor i zon tal ex per i men tal chan nels – their num -
ber shall be re duced from the ex ist ing 11 to 7 and a
new chan nel is to be set for bo ron neu tron cap ture
ther apy;
· Spent fuel stor age – re place ment of the alu mi -
num res er voir of  12 m3 ca pac ity;
· Elec tric power sup ply (EPS) – full scale re place -
ment of ca bles and equip ment;
· Con trol and Pro tec tion Sys tem (CPS) – full scale
re place ment of ca bles and equip ment;
· Ra di a tion Mon i tor ing and Do sim e try Sys tem
(RMDS) – full scale re place ment of mea sur ing lines
and equip ment;
· Civil En gi neer ing Part – new rooms are to be
built in the main re ac tor hall for main con trol pan els
and desks of the re ac tor;
· Heat ing and Cli ma tic Sys tems – new sys tems to
be built and in stalled;
· Ven ti la tion Sys tems – par tial re con struc tion.

Sched ule of dis man tling ac tiv i ties by stages

The dis man tle ment of the re ac tor is to be car -
ried out in two stages. The first stage in cludes the
dis man tling of the equip ment around and in side the 
re ac tor pool and in the bi o log i cal shield ing. The
sec ond stage in cludes the dis man tling of equip ment 
in the pri mary cool ing loop. It should be noted that

for the re al iza tion of stage two, stage one should be
car ried out first.

The time sched ule pro vides for an eight-hour
work ing day. Its aim is to il lus trate the needed times
and dis man tling se quences, un der the stip u la tion
that strict ad her ence to the plan is not com pul sory,
but sim ply a rec om men da tion. On these grounds,
an eval u a tion of the nec es sary re sources has been
made in or der to es ti mate the re quire ments for
qual i fied per son nel.

Dis man tling se quences

Ba sic op er a tions

· Dis man tling of equip ment, pipe lines, etc. – by
cut ting ther mal pro cess ing, other pos si ble meth -
ods;
· End-cap ping of pipe lines’ open ends and of
equip ment or i fices;
· Car ry ing the dis man tled parts (by hand or by
means of hoist ing mech a nisms) out of the pre mises;
· Do sim e try mea sure ments and sort ing of ma te ri -
als ac cord ing to their level of con tam i na tion and
waste types [7, 8];
· Load ing into trans port pack ages (freely, in plas tic 
bags, tanks, casks) [9];
· Trans por ta tion out side the pre mises [4];
· De liv ery of  RAW to the State en ter prise “Ra dio -
ac tive Wastes”;
· Con tin u ous ra di a tion con trol dur ing dis man -
tling 

Fi nal op er a tions

In clude the fol low ing ac tiv i ties:
· Car ry ing the uti lized equip ment, ap pli ances, and
sup ple men tary means out of the pre mises (af ter
their de con tam i na tion, if nec es sary);
· Re moval of the tem po rary light ing, ven ti la tion,
ter mi na tion of power sup plies and other con sump -
tion;
· Dis man tling of scaffoldings; and
· Clean ing and ti dy ing of the site, check up of the
ra di a tion sit u a tion and pos si ble de con tam i na tion, if 
necessary.

In ven tory and char ac ter is tics of
ra dio ac tive wastes gen er ated by
the par tial dis man tling of IRT

The ra dio log i cal char ac ter iza tion was car ried
out by a com bi na tion of neu tron ac ti va tion cal cu la -
tions and di rect mea sure ments. The char ac ter iza -
tion is es sen tial for draw ing up a Ra di a tion Pro tec -
tion Plan which meets the ALARA prin ci ples and
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Fig ure 1. Re ac tor vessel



re quire ments for the han dling, trans por ta tion, con -
di tion ing, and disposal of radioactive wastes.

The ma te ri als pro duced dur ing the dis as sem -
bly are: solid wastes from the dis man tling of the re -
ac tor’s tech no log i cal sys tems and com po nents, liq -
uid wastes from the re ac tor’s pool and spent fuel
stor age, as well as liq uid wastes gen er ated dur ing
the decontamination process.

The so lu tion of the prob lem with solid ra dio -
ac tive waste stor age aris ing from par tial dis man -
tling will be the Novi Han re pos i tory. It is sit u ated
35 km South East of So fia and is a re pos i tory for
low and in ter me di ate level cat e gory ra dio ac tive
wastes (LILRW) of in dus trial, med i cal, sci en tific,
and ag ri cul tural or i gin. The pur pose of the re pos i -
tory is to ac cept and store LILRW with ra dio
nuclides of a half life of less than 30 years, small
quan ti ties of long-lived ra dio nuclides and spent
ion iz ing sources. Pres ently, Novi Han serves as a re -
pos i tory for in sti tu tional wastes. The de ci sion to
up grade ad di tional stor age fa cil i ties at the site in or -
der to store the wastes from the IRT partial
dismantling has already been made.

The char ac ter iza tion pro gram in cludes fol -
low ing steps:
-  re view of his tor i cal in for ma tion,
-  im ple men ta tion of cal cu la tion meth ods,
-  Sam pling and Anal y ses Plan prep a ra tion,
– mea sure ments of sam pling and anal y ses per for -

mance, and
– re view, eval u a tion and com par i son of data ob -

tained
The Sam pling and Anal y ses Plan pro vides for

mea sure ments of smears and sam ples taken (figs. 2
and 3) af ter drain ing the wa ter out of the first cool -
ing cir cle. The ex act points where the smears and

sam ples were taken can be seen in figs. 4 and 5.
Some re sults are pre sented in tabs. 1 and 2.

Safety reg u la tion [10] de ter mines the fol low -
ing RAW cat e go ries:

Solid RAW, Cat e gory 1 – tran si tional RAW
which can be re leased from reg u la tion con trol af ter
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Fig ure 3. Smears and samples taking

Fig ure 4. Places of smears and sam ples taken – hor i -
zon tal view

Fig ure 5. Places of smears and sam ples taken – ver ti cal 
view

Fig ure 2. Smears tak ing
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Ta ble 1. Re sults from smears (mea sured val ues)

Smear
No.

Place of smear taken
Specific activity

Eu-152 [Bq/cm2]
Specific activity

Cs-137 [Bq/cm2]
Specific activity
Co-60 [Bq/cm2]

  1.1 1 cooling loop, 3 pump 0.044 0.0024 0.566
  1.2 1 cooling loop, 3 pump 0.042 0.0012 0.448
  1.3 1 cooling loop, 3 pump 0.013 0.0011 0.175
  2.1 1 cooling loop,valve inlet 0.006 0.0005 0.019
  2.2 1 cooling loop,valve inlet 0.002 0.0004 0.004
  2.3 1 cooling loop,valve inlet 0.0016 0.001
  1 tank wall east 1.45 m from upper water level 0.14
  2 tank wall east 2.3 m from upper water level 0.013 1.03
  3 pipe at 1.4 m from upper water level 0.005 0.19
  4.1 tank wall east 4.3 m from upper water level 0.004 0.14
  4.2 tank wall east 4.3 m from upper water level 0.03
  5.1 bypass tube 4.5 m from upper water level 0.1 18.2
  5.2 bypass tube 4.5 m from upper water level 0.013 0.95
  6.1 tank wall west 4.1 m from upper water level 0.013 0.18
  6.2 tank wall west 4.1 m from upper water level 0.003 0.07
  7.1 tank wall east 5.7 m from upper water level 0.004 0.19
  7.2 tank wall east 5.7 m from upper water level 0.03
  8.1 shield center 6.0 m from upper water level 0.2 32.4
  8.2 shield center 6.0 m from upper water level 0.03 1.7
  9.1 console west 4.9 m from upper water level 0.16 33
  9.2 console west 4.9 m from upper water level 0.03 6.4
12.1 ejector's table 7 m from upper water level 0.008 0.003 0.47
12.2 ejector's table 7 m from upper water level 0.005 0.0024 0.43
13.1 ejector's tube 7.3 m from upper water level 0.09 0.02 8.1
13.2 ejector's tube 7.3 m from upper water level 0.013 0.005 0.75
14.1 11 horizontal channel 6.7 m from upper water level 0.05 3.2
14.2 11 horizontal channel 6.7 m from upper water level 0.02 1.5

Table 2. Non-fixed surface contamination

Sample No.

Specific activity
Eu-152 [Bq/cm2]

Specific activity
Cs-137 [Bq/cm2]

Specific activity
Co-60 [Bq/cm2]

Eu S*

Eu
S**

FN
Eu 

Cs  Cs
S SFN

Cs 
Co S  

Co
SFN
Co 

ST
[Bq/cm2]

1.1 0.044 0.0024 0.566
1.2 0.042 0.099 0.124 0.0012 0.0047 0.0059 0.448 1.189 1.486 1.6159
1.3 0.013 0.0011 0.175
2.1 0.006 0.0005 0.019
2.2 0.002 0.0096 0.012 0.0004 0.0009 0.0011 0.004 0.024 0.03 0.0431
2.3 0.0016 0.001

1 tank 0.14
2 tank 0.013 0.0125 1.03 0.475 0.4875

3 0.005 0.19
4.1 tank 0.004 0.14
4.2 tank 0.03

5.1 0.1 18.2
5.2 0.013 0.113 0.226 0.95 19.15 38.3 38.53

6.1 tank 0.013 0.18
6.2 tank 0.003 0.07
7.1 tank 0.004 0.19
7.2 tank 0.03

8.1 0.2 0.23 0.46 32.4 34.1 68.2 68.66
8.2 0.03 1.7
9.1 0.16 0.19 0.38 33 39.4 78.8 79.18

* S – Sum of the sep a rate tam pons date for the smear
** SFN – In trin sic value of the non fixed sur face con tam i na tion (with giv ing an ac count of the co ef fi cient of re mov ing)



proper treat ment and/or tem po rary stor age for a
pe riod of time no lon ger than 5 years, in which case
its spe cific ac tiv ity has to fall be low the level for
RAW re lease reg u lated by rel e vant reg u la tions.

Solid RAW, Cat e gory 2 – low and mid dle-ac tive 
wastes con tain ing ra dio nuclides in con cen tra tions
re quir ing no spe cial mea sures for post-de cay power
re moval dur ing stor age and bury ing.  Ra dio ac tive
wastes of this cat e gory are ad di tion ally cat e go rized
as:

(a) Cat e gory 2a – short life low and mid -
dle-ac tive wastes con tain ing mainly short life time
ra dio nuclides (with a half de cay pe riod shorter or
equal to the 137Cs half de cay pe riod and long life al -
pha-ac tive ra dio nuclides with spe cific ac tiv ity less
or equal to 4×106 Bq/kg per sin gle pack age and less
or equal to 4×105 Bq/kg for the en tire RAW vol -
ume;

(b) Cat e gory 2b – long life low and mid dle-ac -
tive wastes, con tain ing long life time al pha-ac tive ra -
dio nuclides (with a half de cay pe riod lon ger than
the 137Cs half de cay pe riod) with spe cific ac tiv ity ex -
ceed ing the lim its for cat e gory 2a;

Ex pected amounts of RAW as a re sult of
the par tial dis man tling of IRT equip ment

I  Ex pected amounts of RAW – 2a cat e gory ac -
cord ing to regulation [10]:
(1) Alu mi num and alu mi num al loys
    from the re ac tor poo1 100 kg
(2) Steel St 1X18H9T + Al al loy AB
      from the re ac tor pool 170 kg
(3) Shield of the ther mal col umn cor pus –
      cas ing of St3, filled up with par af fin
      and bo ron car bide:
      –  St3 289 kg
      –  par af fin of a den sity of 1 g/cm3 210 kg
      –  bo ron car bide with a
          den sity of 1.5 g/cm3   60 kg
(4) Lead slab – Pb + Al 211 kg
(5) Graph ite as sem blies from the
      de flec tor of the RC 172 kg
(6) Ion-ex change resin 320 kg
(7) Pre vi ous mea sure ments sug gest it is to be ex pected
jjjjjjjthat ap prox i mately 1000 kg of the ther mal col umn
jjjjjjjgraph ite will be ac ti vated and sub se quently classif-
jjjjjjjied into this cat e gory.
      Ex pected av er age ac tiv ity 108 Bq/kg
      In ad di tion:
      Con tam i nated ma te ri als from the
      first CL prem ise (Al and St) 3780 kg

Af ter de con tam i na tion, it is ex pected that CL
ma te ri als will be con verted into RAW of the first
cat e gory or into non-ra dio ac tive wastes.

II  Ex pected amounts of RAW – cat e gory 1 or
non-ra dio ac tive wastes, ac cord ing to reg u la tion
[10]:

(1) The con crete shield ing of the ther mal col umn –
con crete with a den sity of 4.5-5.5 t/m3;
24831 kg (part of the con crete sit u ated clos est
to the RC is ex pected to be vol ume ac ti vated
and to pass over to a  up per cat e gory of waste, in 
ac cor dance with the clas si fi ca tion for RAW).

(2) Block with shut ters of the ther mal col umn –
St3 5033 kg.
Note: For RAW is de fined the b and  g  ac tiv ity

to be in Bq/kg and Bq/cm2, be cause it is not ex -
pected RAW to con tain long-lived a-ac tive ra dio
nuclides with spe cific ac tiv ity over 4×106 Bq/kg.

Toxic ma te ri als

Dur ing the op er a tion of IRT, ma te ri als as as -
bes tos and mer cury have not been used in re ac tor
con struc tion and equip ment. Ac ids and al ka lis, as
well as or ganic and non-or ganic sol vents have been
used in small amounts in the main te nance of the fa -
cil ity, with strict ad her ence to norms for the man age -
ment of such ma te ri als. No gen er a tion of such ma te -
ri als is ex pected as a re sult of dis man tling ac tiv i ties.

Non-ra dio ac tive ma te ri als

A gen er a tion of a cer tain amount of non-ra -
dio ac tive ma te ri als is also ex pected as a re sult of dis -
man tling ac tiv i ties. This per tains to met als from the
fa cil ity out side the re ac tor pool and the 1st cir cu la -
tion loop prem ise, ma te ri als from the re ac tor pool
it self and from the 1st cir cu la tion loop prem ise af ter
the de ac ti va tion, as well as to the larger part of the
con crete and fix tures per tain ing to the neu tron ther -
apy chan nel prep a ra tion.

Liq uid ra dio ac tive wastes

There are no fa cil i ties for the treat ment of
liq uid RAW at the RR site. They are col lected in
un der ground stain less steel tanks with a to tal vol -
ume of ap prox i mately 300 m3, sit u ated near the
reac tor build ing. An ex per tise of the state they
were in was car ried out in 2004 by a li censed or ga -
ni za tion, the results pos i tive, prov ing their us abil -
ity for fu ture op er a tion. A trans por ta tion of ap -
prox i mately 250 m3 low-level liq uid RAW was
carried out in 2000. About 84000 l are to be
trans ported to the Kozloduy NPP for re pro cess -
ing be fore the dis man tling com mences.

Ra di a tion pro tec tion of per son nel and
en vi ron ment

In the de vel op ment of the sched ule for dis man -
tle ment, the ba sic prin ci ples of ra di a tion pro tec tion
should be ob served ac cord ing to reg u la tion [11]: the
limit for the per son nel ef fec tive dose is 100 mSv over
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5 years and the max i mal ef fec tive dose per year must
not ex ceed 50 mSv.

Dur ing the dis man tling of the IRT, ra di a tion
con trol sys tems will pro vide:
· Nec es sary in di vid ual dosimetric con trols of the
per son nel;
· Sur veil lance of ra dio ac tive con tam i na tion; con -
trol over the ra di a tion sit u a tion at the pre mises and
ra di a tion con trol of the air and fil ters for the staff
and sup ple men tary (lo cal) ventilation systems;
· Mon i tor ing of emis sions; con trol over ra dio ac -
tive wastes and drain age wa ters, in clud ing avail able
mo bile fa cil i ties for low and mid dle-ac tive liq uid
RAW treatment;
· Con trol over col lec tion, sort ing and cat e go ri za -
tion, stor age and trans por ta tion of liq uid and solid
RAW;
· Co or di na tion/com pli ance with ap proved lim its
dur ing the op er a tion/dis man tling;
· En gi neer ing pro tec tive sys tems (screens, shields,
ven ti la tion, etc.). It is cru cial to have at one’s dis -
posal mo bile ven ti la tion sys tems, pro tec tive ma te ri -
als (lead blocks and cov ers), PVC sheets for cov er -
ing and pro tect ing the con tam i nated clothes
wash ing pre mises;
· Con trol over the ra dio ac tive ma te ri als and wastes
(by means of ac count ing pro grams, con trol zones,
etc.);
· Cal i bra tion;
· Ed u ca tion/train ing;
· Emer gency plan ning, in clud ing emer gency ra di -
a tion mon i tor ing;
· Un fore seen events; 
· Qual ity as sur ance (Pro gram for Au dit and Ex am -
i na tions);
· The minimization of per son nel ir ra di a tion risk in
ac cor dance with the ALARA prin ci ple qual ity as -
sur ance program.

There is a func tion ing In te grate Qual ity Man -
age ment Sys tem (IQMS) in INRNE – ISO
9001:2000 and 14001:1996 which takes the NRA
– Bul garia and IAEA rec om men da tions into ac -
count.

The pres ent qual ity as sur ance pro gram (QAP)
de fines the spe cific re spon si bil i ties, or ga ni za tion, and
tech ni cal un der tak ings for achiev ing the nec es sary
qual ity of work dur ing the im ple men ta tion of ac tiv i -
ties de scribed in the plan for par tial dis man tling. 

Ex pected dose ex po sures dur ing the dis as sem bly,
in di vid ual and col lec tive doses

In gen eral, the fol low ing work zones are
formed dur ing par tial dis man tling:
- in the re ac tor tank,
- at the site of the dis man tle ment of the ther mal
jjjjcol umn from the out side,
- at the re ac tor plat form,

- on the dis man tling plat form, and
- at the first CL pre mises.

Based on the mea sure ments, an as sess ment of
ex pected dose ex po sures of the per son nel dur ing
par tial dis man tle ment is made.

Ex ter nal ir ra di a tion of per son nel

At the re ac tor pool, when full

Ac tiv i ties con nected with the dis man tling of
the re ac tor plat form equip ment are car ried out with
the pool still full of wa ter in or der to re duce the dose
ex po sure of the per son nel. The doses to which the
per son nel is ex pected to be ex posed to dur ing these
ac tiv i ties are neg li gi ble, since the dose rate at the re -
ac tor plat form dur ing op er a tion has been within the 
lim its of 144-216 µSv/h. 

At the re ac tor pool, when drained

Ac cord ing to the above in tro duced zones, the
fol low ing con sid er ations have been made:
– in ac tiv i ties car ried out on the re ac tor plat form,

mark 8.10 me ters, and
– the mea sured dose rate for the empty re ac tor

pool is 35 µSv/h.
On the ba sis of time sched ules, the time needed 

for car ry ing out all ac tiv i ties at the re ac tor plat form
af ter its drain age, is es ti mated to be 360 hours and
the nec es sary per son nel per ma nently oc cu pied with
the ac tiv ity – 2 work ers. It is an tic i pated that 5% of
the time they will be ac com pa nied by a do sim e -
try-man and per son nel pro vid ing safety tech niques.
The to tal ex pen di ture of work by the per son nel is es -
ti mated to 756 man-hours. The col lec tive dose un der 
these con di tions is es ti mated to amount to 26.5 mSv, 
max i mal ex pected in di vid ual dose to 12.6 mSv.

Dis man tling ac tiv i ties in the re ac tor ves sel

The time nec es sary for the im ple men ta tion of
these ac tiv i ties is es ti mated to 15 hours. Dur ing
their ex e cu tion, only one per son will be in the re ac -
tor pool. The pre dic tion is that around 5% of the
said 15 hours, a do sim e try-man will be pres ent on
the spot. This makes a to tal of 15.75 man-hours.
The max i mal mea sured value in the re ac tor pool is
6.48 mSv/h. The ex pected max i mal col lec tive dose
value is es ti mated to 102 mSv. Be cause of this, con -
sec u tive re place ments of sev eral work ers will be nec -
es sary dur ing the dismantling of the equip ment.
The aim is not to ex ceed the in di cated con straint
val ues for per son nel ir ra di a tion. Spe cial pro tec tive
means should be used when needed.
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Ac tiv i ties on the dis man tling plat form

Daily ac tiv i ties are to be car ried out by 2 work -
ers; it is thought that around 5% of the time a do sim e -
try-man will be pres ent. The to tal time for ma nip u lat -
ing ma te ri als from the re ac tor in te rior on the
dis man tling plat form is es ti mated to 40 hours. The es -
ti mated over all to tal time re quired, 82 men-hours.
The var i ous ac tiv i ties planned on the dis man tling plat -
form will ne ces si tate the han dling of nu mer ous de -
tails. The de ter mi na tion of a max i mal equiv a lent dose
(MED) is done on the ba sis of mea sure ments done on 
the most ac ti vated re ac tor de tail – the con trol rod
(CR). Its max i mal mea sured value is 3.0 mSvh–1. A
con ser va tive es ti mate is that all de tails sub ject to work
will in duce sim i lar dose rates. The ex pected max i mal
value of the col lec tive dose is 246 mSv. The use of re -
mote tech niques is also rec om mended. Prior to the
com mence ment of the dis man tling pro cess, ap pro pri -
ate train ing for rel e vant skills and the re duc tion of out -
ages is rec om mended.

Be cause of that, con sec u tive re place ments of
the work force will be nec es sary.

First CL pre mises – the high est mea sured
MED is near the heat exchangers and stop valve –
value of 5 mSv/h is at a dis tance of 10 cm from
them).

Ob vi ously, the ir ra di a tion at the first CL pre -
mises does not pres ent a prac ti cal dan ger for the
work ers. The time nec es sary for the dis man tling of
heat exchangers is es ti mated to 60 hours, pre sum -
ing that all op er a tions nec es sary in the dis man tling
of the heat exchangers, in clud ing the dis man tling
plat form, will be car ried out by 4 work ers. The pres -
ence of a do sim e try-man is fore seen about 5% of the 
time, bring ing us to a to tal of 243 men-hours. Con -
se quently, the max i mal in di vid ual dose is not ex -
pected to ex ceed 0.3 mSv, while the col lec tive one
should not be higher than 1.215 mSv.

This eval u a tion has been made with out tak ing
into ac count the pre sum able de con tam i na tion
which is ex pected to re duce the con tam i na tion for
not less than an or der of mag ni tude.

The use of a num ber of in di vid ual pro tec tion
means is fore seen, as well as a so lu tion for ad di tional 
ven ti la tion with the aim of pro vid ing col lec tive
protection.

The ex pected in ter nal ir ra di a tion of the per -
son nel is many times less than the ex ter nal. In ter -
nal ir ra di a tion of the pop u la tion is not ex pected.
In spite of that, a per ma nent mon i tor ing of air pa -
ram e ters is com pul sory dur ing the work pro cess,
so as not to al low a pos si ble in crease in con straint
lev els. The col lec tive dose dur ing the par tial dis -
man tle ment can be es ti mated to 375 mSv. Tak ing
into con sid er ation the con ser va tive ap proach ac -
cepted for de ter min ing the per son nel dose ex po -
sure, it can be con cluded that the col lec tive dose

will cover all par tic i pants in the dis man tling pro -
cess.

Fi nally, the fol low ing pre req ui sites should be
taken into ac count:
· Dur ing the dis man tle ment, each mem ber of the
per son nel is to be kept un der con trol, so as not to
ob tain a dose larger than the con straint an nual dose
(tak ing into con sid er ation doses ob tained in pre vi -
ous ac tiv i ties in ion iza tion ra di a tion en vi ron ment
and bear ing in mind con trol lim its de ter mined by
in ter nal in struc tions),
- in case an es tab lished limit is breached, mea sures
jjjjare to be taken for the ter mi na tion of ac tiv i ties
jjjjwith ion iza tion ra di a tion sources, car ried out by
jjjjthat per son,
- ad di tional mea sure ments should be car ried out
jjjjaf ter the re moval of hor i zon tal chan nels 9 and 10, 
jjjjbe cause they have the high est level of ac ti va tion,
- dis man tling ac tiv i ties should be car ried out from
jjjja dis tance when ever this is pos si ble, and
- all pro tec tion means ap pli ca ble in a par tic u lar
jjjjcase are to be used – such as putt ing on leaden
jjjjpro tec tive waist coats, cov er ing the highly
jjjjactivated de tails with pro tec tive shields, etc.

Ob ser va tion of the ALARA prin ci ple

The pur pose of ra di a tion safety is to es tab lish
con di tions en abling per son nel ra di a tion doses to be
lower than the lim its in di cated in nor ma tive doc u -
ments and pro vid ing ad e quate con trol of per son nel
ex po sure doses dur ing ac ci dents.

This ne ces si tates the ac knowl edg ment of the
ALARA prin ci ple whose es sence is to achieve a rea -
son able re duc tion of the col lec tive dose, one hon or -
ing the tech ni cal and eco nom i cal point of view, as
well.

The ap pli ca tion of this ap proach leads to fol -
low ing gen eral for mu la tions:
· All pro cesses which can be re al ized by means of
stan dard tech ni cal means are to be re al ized in such a
man ner that the pres ence of per son nel is not re -
quired;
· Pro cesses in which the au to ma tion would re quire
the ap pli ca tion of com pli cated and ex pen sive
robotized de vices are to be car ried out with the par -
tic i pa tion of peo ple, but uti liz ing max i mal au to ma -
tion and mech a ni za tion for in di vid ual, key op er a -
tions;
· With the aim of min i miz ing the doses from ex ter -
nal and in ter nal ir ra di a tion, the per son nel par tic i -
pat ing in RAW treat ment should be equipped with
pro tec tive means ad e quate for car ry ing out such
activities;
· Strict re stric tions re gard ing the ac cess to the
RAW work zone and lim i ta tion of per son nel num -
bers, so as to min i mize the col lec tive dose;
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· Minimization of  work hours spent in zones with
the in creased val ues of dose rates;
· Strict con trol over the ra di a tion sit u a tion and
per son nel dose ex po sure;
· Train ing and per ma nent im prove ment of per son -
nel qual i fi ca tions, per ma nent work in im prov ing
safety cul ture knowledge.

CON CLU SION

The re sults from the im ple mented mea sure -
ments and cal cu la tions are the ini tial ba sis for de ter -
min ing the na ture of the dis man tling tech niques to be
em ployed: i. e. fully re mote, semi-re mote or man ual
meth ods; the need for de con tam i na tion; ra di a tion
pro tec tion for the per son nel, pub lic and the en vi ron -
ment; RAW clas si fi ca tion ac cord ing to na tional cat e -
go ries; the re quire ments for han dling, trans por ta tion
and stor age of wastes fol low ing dis man tling; the price 
of dis man tling (i. e. over all pro ject costs, in clud ing
waste man age ment). Ad di tion ally, the re sults are also
nec es sary for the draw ing-up of other parts of the plan
for dis man tle ment, such as: the as sess ment of dose ex -
po sure; as sess ment of haz ard; as sess ment and se lec -
tion of a sce nario in com pli ance with the ALARA
prin ci ple, as well as the choice of ad e quate pro tec tion
means needed in the dis man tling pro cess.

On the ba sis of the pro vi sional Gen eral Plan for 
the par tial dis man tling of the IRT-So fia, af ter hav ing
ob tained the per mis sion of the Na tional Reg u la tory
Agency, a de tailed time sched ule for the im ple men ta -
tion of the Plan is cur rently be ing drawn up.
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GENERALNI  PLAN  ZA  DELIMI^NO  UKLAWAWE
ISTRA@IVA^KOG  REAKTORA  IRT  U  SOFIJI

Tihomir G. APOSTOLOV, Elka I. ANASTASOVA

Posle odluke bugarske vlade da rekonstrui{e Istra`iva~ki reaktor IRT u Sofiji,
razvijena je strategija delimi~nog uklawawa starih sistema i opreme. Pretpostavqeno je da }e
izme{tawe reaktorskog jezgra i zamena stare opreme biti obavqeni bez ve}ih te{ko}a. Radi
efikasnijeg kori{}ewa raspolo`ivih sredstava, postojala je potreba za in`ewerskim projektom
koji je pripremqen pod nazivom “Op{ti plan za delimi~no uklawawe opreme IRT-Sofija, kao deo
postupka rekonstrukcije u istra`iva~ki reaktor niske snage”.

Kqu~ne re~i:  delimi~no uklawawe, dekontaminacija, reaktorska oprema, radioaktivni otpad


